Background: The growth, development and nutrition of children in Tibet with high-altitude and unique traditional culture have recently gained attention. However, few researches are available on the nutritional status of younger children of Tibet. Objective: The objective of the study was to evaluate the nutritional status of children below 36 months old in Tibet by means of anthropometry. Design: The cross-sectional survey was conducted between August and September in 1999 and a sample of 1655 children below 36 months old was obtained using a stratified multistage cluster random sampling method from a total of seven districts of Tibet. Height, weight and hemoglobin concentration were measured and at the same time related sociodemographic and environmental information were collected. NCHS/CDC/WHO reference data were used to evaluate the nutritional status of the entire study children population and estimate the prevalence of stunting, underweight and wasting. Results: Compared with the reference of NCHS/CDC/WHO, the distributions of HAZ and WAZ shifted to the left significantly and the means of HAZ and WAZ were À1.53 and À1.05, respectively, which were significantly lower than the reference value. The distribution of WHZ, however, was close to that of the reference. The reduction of Z-scores for height and weight occurred very early in life and was greatest in the second year after birth. The prevalence of malnutrition of children was 39.0% for stunting, 23.7% for underweight and 5.6% for wasting, respectively. Rural children had prevalence of stunting of 41.4% and underweight of 24.7%, as compared with prevalence of stunting of 25.3% and underweight of 18.1% for urban children. Stunting and underweight were associated with altitudes. The mean of hemoglobin (Hb) of children was 120.4 g/l and rural children had a significantly lower Hb concentration (119.9 g/l) than urban children (123.3 g/l). The prevalence of anemia seemed higher when using different altitude corrections for Hb to estimate the prevalence, but the consequences were uneven. Conclusions: For Tibetan young children, the nutritional status of the entire population is poor and the prevalence of malnutrition is higher, especially for stunting. Malnutrition is related to high altitudes. Although the Hb concentration is higher induced by high altitude, there must be quite a lot of anemic children at high altitudes. The relationship between altitude and Hb for children on the Tibetan plateau requires further study in order to determine correctly the magnitude of anemia of children.
Introduction
High altitude and unique culture have given rise to the researches on the growth, development or nutrition of Tibetan children. Limited studies in Tibet indicated that there was a higher prevalence of malnutrition for in preschool and school children, especially stunting, which was higher than the average in China, and also implied that there exists some adaptation to high-altitude hypoxia in the growth pattern of Tibetan children (Liu, 1982; Zhou et al, 1986; Zhao et al, 1999; Harris et al, 2001 ; National Working Committee on Children and Women, 2001) . Others emphasized adverse influence of poor socioeconomic condition the on growth of Tibetan children (Weitz et al, 2000; Harris et al, 2001) . These researches have provided valuable information on child nutrition in Tibet, but information available for nutritional interventions has been limited. The limitations are attributed to hard natural environment, limited economic condition or lack of scientific research design. Moreover, less information is available on the nutritional status of younger children of Tibet. Sponsored by UNICEF and Ministry of Health of China, a large-scale baseline survey on basic health and maternal and child health care in Tibet was conducted in 1999 first covering total seven administrative districts, especially covering wider agricultural and pastoral areas. We evaluated the nutritional status of children below 36 months old in Tibet from the survey.
Subjects and methods

Settings and survey design
Tibet is located in the highest plateau of the world, where 86% of areas are at altitudes of more than 4000 m with various natural environments and climate of hypoxia and coldness. Most of the people are living at altitudes between 2500 and 4500 m (Liu, 1988) . The population of 1998 was about 2.45 millions and 95% of them belong to Tibetan nationality, who own unique culture and customs. The rural population was about 85% of the total population. Farming and animal husbandry are the main economical activities (National Bureau of Statistics of China, 1999) . The study covered a total of seven districts of Tibet such as Lhasa, Nyingchi, Xigaze, Lhokha, Chamdo, Nagchu and Ngari, including two cities (Lhasa and Xigaze city) and 74 counties. A cross-sectional survey design was adopted and the sample was obtained using a stratified multistage cluster random sampling method. For rural areas, study areas were stratified by district. Then counties were sampled from each district based on the population size of each district in 1998 and townships from each sampled county. The administrative Committee of Inhabitant was used as the stratifying unit for urban areas. The study subjects for maternal and child health care were children below 36 months old and their mothers. All subjects were interviewed face to face by trained professional interviewers between August and September in 1999. This study was approved by the ethical committee of Xi'an Jiaotong University.
Sampled counties and sample size
In total, 29 sampled counties including 145 sampled townships were obtained. The Average altitude of the investigated areas was 3850 m. A total of 1657 children were obtained from the survey with complete measurement of height and weight. With exclusion of two children, above 36 months old, 1655 eligible children were remaining (Table 1) .
Anthropometry and evaluation of nutrition Anthropometric measurements, including height and weight, were used to assess children's nutrition. All children were measured recumbent length with a standard calibrated board accurate to the nearest 1 mm (Model WB-II, Beijing Tractor Company No. 6 Measuring Factory, Beijing, China) and their weights were measured to the nearest 500 g with a standard calibrated balance scale (Model YGZ-12, Wuxi Measurement Factory, Wuxi, China). Measurement was carried out based on the recommended standard method by trained interviewers (Lohman et al, 1991) . We used the Zscore system to calculate Z-scores of height for age (HAZ), weight for age (WAZ) and weight for height (WHZ) from the reference of NCHS/CDC/WHO (Dibley et al, 1987; Physical status, 1995) . The distribution and means of Z-scores were used to assess the nutritional status of the entire study population compared with the reference distribution. Malnutrition was classified according to WHO. Stunting was determined as HAZoÀ2, underweight as WAZoÀ2 and wasting as WHZoÀ2 and the prevalence of malnutrition was applied to indicate the proportion of those affected more (Dallman et al, 1980; Dirren et al, 1994) were used in our study. The methods applied different curve-fitting procedures of Hb concentration by altitude to determine the altitude-specific cutoff of Hb.
Sociodemographic and environmental information
A questionnaire was used to collect information on the demography and family background of children by interviewing their parents. The altitude assigned to each child was based on the altitude of each investigated township obtained from the township government. We divided altitudes into five intervals: o3000, 3000-, 3500-, 4000-, and 4500 m and compared the nutritional status of children at different altitude intervals.
Quality control
A pilot survey was performed before the formal survey to acquire the necessary information and test questionnaire items. All data for analysis were from a formal survey. The interviewers (physicians from local MCH stations or teachers from Faculty of Public Health, Xi'an Jiaotong University) were trained to standardize questionnaire administration and anthropometric measurements including lectures and practices in the field at least 1 week before commencement of the survey. Seven investigation teams were established for seven districts, each consisting of four members and a supervisor. Of the members, at least two were Tibetan, who could communicate in both Tibetan native language and Chinese. Verbal consent was obtained from parents or the mother of each child. During survey, a checking system was applied including checking in the field by the interviewer himself, checking with each other and supervisor checking. Personnel from local hospitals and health offices assisted in the organization of investigation and explanation of procedures to subjects. Subjects were reinterviewed when transcription or logical questions and missing values were found. The apparatus for measurement was checked and/or adjusted for accuracy before daily work. 
Statistical analysis
Data from a baseline survey with a sample size of 7252 children below 36 months old on basic health and maternal and child health care in 40 poor counties of western China (from five western provinces as Qinghai, Xinjiang, Gansu, Ningxia and Guizhou) between July and August in 1999 were available for comparison, which was conducted by the same research team with the same survey design and the same measuring apparatus as the Tibet survey (Yan et al, 1999) . Database was established using Epi info version 6 (CDC, Atlanta, GA, USA) and duplication was adopted for data entry. Unreasonable data such as HAZo-4 and HAZ43, WAZo-5 and WAZ45, and WHZo-3 and WHZ45 were excluded before analysis (Physical status, 1995 
Result
Sociodemographic characteristics of subjects Of 1655 children, 51.1% were boys. Most children belonged to native Tibet. We did not exclude non-Tibetan children while analyzing because of the small number. Most of the children (86.2%) lived in rural areas (agricultural or pastoral areas). Children were usually born at home. Their families usually were large and made a living on farming or animalraising (Table 2) .
Exploration for standard deviation (s.d.) of Z-scores
For evaluating the quality of data, we analyzed the change of s. (Table 3) . Z-scores decreased gradually with increasing age, but there were some specific changes for each Z-score. HAZ was lower significantly than the mean of the reference from birth to 35.99 months. The lowest HAZ was between 21 and 23.99 months and there was a slight increase after 24 months. WAZ was close to the reference in the first 3 months and then fell rapidly and remained at lower level after 12 months. Fall of WHZ appeared after 3 months, but was lower significantly than the reference mean after 24 months (Figure 3) .
Prevalence of malnutrition
The prevalence of malnutrition of children was 39.0% for stunting, 23.7% for underweight and 5.6% for wasting, respectively. The prevalence of stunting and wasting for both genders was not significantly different, but boys had a higher prevalence of underweight than girls. Both children in urban and agricultural areas had a significantly lower prevalence of stunning and underweight than children in rural and pastoral areas. Malnutrition varied in districts with a similar trend of higher stunting and lower wasting. Children of Tibet had a higher prevalence of stunting than those of 40 counties (Table 4) . The prevalence of stunting increased rapidly in the first 6 months to around 35%. Thereafter, there was a decrease and the highest was between 21 and 23.99 months. After 24 months, the prevalence decreased and then increased again. Tibetan children had a higher prevalence of stunting at each age interval than children of the 40 counties in Western China (Po0.01) (Figure 4 ). For underweight, the prevalence rose rapidly within 6 months and then increased slowly and continuously until 35.99 months. In the first 3 months, the prevalence of underweight was similar between children of Others including giving a birth on the way or in the field. 
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Tibet and the 40 counties, but between 3 and 8.99 months the prevalence in children of Tibet was significantly higher than that in children of the 40 counties (Po0.05). After that, no difference in the prevalence was found between these two populations ( Figure 4) . Table 5 shows a positive association between altitudes and stunting or underweight. To eliminate the potential effect of socioeconomic difference between urban and rural areas, we limited the analysis to rural children (Table 6) , and this association was still observed for stunting in both agricultural and pastoral areas. However for underweight, the positive association persisted in pastoral areas but not in agricultural areas. There was no such association found between altitudes and wasting. Owing to obvious difference in economical development between urban and rural areas, we analyzed the data of rural areas alone and found that Hb increased with altitudes but this rise did not seem dramatic. The altitude of 3500 m might be a boundary below which there was no difference in Hb found. Hb at higher altitudes was significantly higher than that at lower altitudes, but there was no significant difference in Hb found between every two neighboring altitudes ( Figure 5 ). After correction, the prevalence of anemia was 90.4% for CDC, 72.3% for Dirren and 65.0% for Dallman, respectively, which were uneven but much higher than the noncorrection prevalence of 24.2%.
Discussion
Researches suggested that the growth pattern of children is determined mainly by environmental factors at least for children under 5 years old, although gene limits potentials to growth and development (Habicht et al, 1974; Graitcen & Gentry, 1988) . The distribution of Z-scores compared with the reference distribution of NCHS/CDC/WHO is a better means to study the nutritional status of children. So in our study, we applied this reference to carry out a relative evaluation for nutrition of Tibetan children, by which we ). The distribution of WHZ of Tibetan children was specific and very close to the distribution of reference. It might be due to the smaller height of Tibetan children and also was a further evidence of chronic malnutrition. We proposed that future nutritional intervention projects in Tibet should focus on the entire population of children and improvement of chronic malnutrition. Moreover, the fact of the significant difference of nutrition in residence, especially that between urban and rural children, implied the importance of environmental factors.
In the entire population, not all children were affected adversely to the same extent, so we further explored the proportion of children who were affected more seriously by malnutrition. Our data show that children in Tibet had a high severity of malnutrition according to 'trigger levels' recommended by WHO (Physical status, 1995) , especially, more than one-third of children suffered from stunting, which was significantly higher than the average of China and some developing counties (De Onis et al, 2000; National Working Committee on Children and Women, 2001). The fact of similar malnutrition status such as higher prevalence of stunting through different districts suggested that stunning is a predominant problem of nutrition for Tibetan children. However, the prevalence of stunting seemed lower than 51% of a survey of 1995 in Tibet (Harris et al, 2001 ). Our consideration is that on the one hand, our results implied possible improvement of nutrition of Tibetan children with the improvement in economy, but on the other, we have to consider different study subjects. For the 1995 survey, it just covered five districts of Tibet and the distribution of sample was concentrated relatively and our survey covered all seven districts and included quite a number of real urban children, but rural children alone had 41.4% of stunting. So we think that a possibly higher risk of malnutrition remains, especially that of stunting for children in Tibet.
The increase of malnutrition with age in Tibet was similar to that in other parts of China and other developing countries (Physical status, 1995; Research Working Group on Growth and Development of Children in 9 Municipal Areas, 1996) . However, the growth pattern of Tibetan children had two specific points. One point is that length retardation appeared before birth, which is different from children of other parts of China, whose slowing of growth occur during the weaning period (Research Working Group on Growth and Development of Children in 9 Municipal Areas, 1996; He et al, 2001) . Another is that the stunting and underweight increased rapidly after 3 months and malnutrition reached a peak in the second year after birth, which suggested that we have to consider the effect of specific environmental factors on the growth pattern, and feeding pattern might be one of them. According to our feeding survey, complementary food was introduced early (less than 2 months) and was monotonous, although most Tibetan children were breast-fed (Yan et al, 1999) . However, its effect requires further assessment through prospective study.
Previous studies suggested that children raised at high altitudes tended to grow slowly (Yip et al, 1988; De Meer et al, 1995) . However, in other studies, the clear association between altitude and malnutrition was not found in Tibetans (Weitz et al, 2000; Harris et al., 2001) . Socioeconomic status and genetic background could confound the association but do not rule out the possibility that altitude affects growth (De Meer et al, 1995) . In Tibet, the difference in socioeconomy between urban and rural areas is bigger than that between agricultural and pastoral areas. We limited the analysis of association to rural areas where the socioeconomic situation was unanimous relatively and then a dose-response relationship in the rise of prevalence of stunting and underweight with increasing altitudes was presented. It means that high altitude could partly account for the reduction of growth of Tibetan younger children. Moreover, a close association between stunting and altitude implied that length seemed more vulnerable to high altitude and the reason why underweight was associated with altitude might be attributed partly to the contribution of height to weight. Hypoxia and/or other related physiologic adaptations induced by high altitude was related to low birth weight (LBW), especially intrauterine growth retardationrelated LBW (Yip, 1987) , which partly contributed to a reduction in postnatal growth. A previous survey also found lower birth weight and higher prevalence of LBW in Tibet than in places with low altitudes of China (Deng et al, 1991) . These results appeared to provide an indirect support for earlier occurrence of reduction of HAZ and WAZ and higher prevalence of stunting in Tibet. Therefore, for accurate comparison and assessment, it seems unavoidable to take altitude effect into account, although socioeconomic factors are playing a more and more important role in the growth of Tibetan children. However, the magnitude of altitude effect on the growth of Tibetan children requires further study based on larger sample size at each elevation and control of other risk factors influencing growth. Hb is the most direct test for anemia caused by iron deficiency and used as a measurement for nutritional status of children (UNICEF/UNU/WHO, 2001). However, the effect of altitude on Hb concentration should be considered at high altitudes. Previous studies have proved that highaltitude hypoxia induced Hb increase, especially above the altitude of 1000 m (Dallman et al, 1980; Dirren et al, 1994) . Our data show a positive association between Hb concentration and altitude, but this change did not seem dramatic. The clear relationship between altitude and Hb concentration is essential to determine the magnitude of anemia at high altitudes. Unfortunately, a relationship has not yet been found for Tibetan children, so we applied three methods available to assess the magnitude of anemia but obtained very inconsistent prevalences. Tibetan people have been residing at higher altitudes for generations and some adaptation changes induce the specific change of Hb with increasing altitude that is possibly different from those suggested by the three methods. For example, a comparative study indicated that Tibetan people exhibited different responses to hypobaric hypoxic stress compared with Andean people (Beall, 2000) . Therefore, the establishment of a relationship between Hb and altitude is necessary for Tibetan children. With a higher prevalence of malnutrition, the percentage of anemic children in Tibet might be higher. On account of the existence of anemic children in our sample, we could not establish such an association, but the analysis for Hb alone still presented some useful information for further nutritional projects in Tibet such as lower Hb in rural children, even at the same altitude.
The cross-sectional design limited the study to the description of nutritional status of children in Tibet and did not provide direct epidemiological inference for causality. However, our data present some useful information and urgent need for further nutritional study and interventions for Tibetan children. Moreover, smaller number of younger children and smaller sample size of Ngari and Nagchu, due to hard environment, influenced epidemiological analysis to some extent. Finally, low precision of measurement for weight, even with better quality control, limited weight analysis.
